Abstract. We tested whether the semi-automatic program CROCO can replace visual assessments of slides to detect changes in defoliation assessment methods. We randomly selected a series of slides of 24 Norway spruce trees with 220 field assessments made between 1986 and 1995. The slides had been randomly arranged and assessed by three experts without knowledge of the tree number or the year when the slide was taken. Defoliation scores were computed with CROCO. Each tree had thus three different defoliation scores, field assessments, photo assessments and CROCO scores.
Introduction
The variable crown, transparency (US, Canada, and some European countries) or crown defoliation (most countries in Europe), used in national health inventories is a subjectively assessed variable (Burkman and Hertel, 1992; Hall, 1995; Müller-Edzards et al., 1997) . The assessment methods may intentionally or unintentionally change over time (Köhl, 1991; Innes et al. 1994; Redfern, 1997; Dobbertin and Ghosh, 1998; Landmann et al., 1999; Lorenz et al., 1999; Solberg, 1999; Wulff, 2002) . Dobbertin et al. (in press) have shown that time series of slides of trees taken at the time of the field assessment can be successfully used to test if and how methods have changed over time. However, the slide assessment is also prone to observer variability and needs to be repeated every time new slides are taken. Therefore, an objective, reliable and replicable method is required.
Recently, Mizoue (2002) has developed a semi-automatic image analysis system, called CROCO (which stands for crown condition), to assess the crown transparency from photographs. CROCO calculates a measure of crown transparency (DSO), which is defined as the difference between the fractal dimension of the silhouette of a tree crown (Ds) and the fractal dimension of its outline (Do). The DSO values decreased exponentially with increasing crown defoliation scores when the Swiss (Bosshard, 1986) and British (Innes, 1990) photographic guides were used as references for visual crown defoliation assessments (Mizoue, 2001; Mizoue and Masutani, 2003) . It must be noted here that the use of the term 'defoliation' is misleading as the surveys in Switzerland and most other European countries, strictly speaking, do not assess the actual loss of foliage, but rather the transparency of a tree in relation to a fully foliated tree of the same species, branching type and in some surveys the same age growing under similar site conditions. A better term would be 'relative transparency'. As the term 'defoliation' has been used internationally (Lorenz et al., 1999) and in some studies in Switzerland (Ghosh et al., 1995; Dobbertin and Brang, 2001 ), we will keep this term throughout this paper. Fitting the defoliation scores against the DSO values allows defoliation scores from DSO values to be estimated. Mizoue and Dobbertin (2003) could show that CROCO can serve as a reference to quantify differences in defoliation assessments between countries and the extent to which these change over time.
In this study we used the same time series of Norway spruce slides that had been assessed by three experts to test a change in field assessment methods in Switzerland (Dobbertin et al., in press). We tested first how well the newly developed method CROCO compared with both the slides assessments and the field assessments. We evaluated further how the light conditions in the slides, the crown overlap and the visibility of tree crowns affected the CROCO scores in comparison to the slide assessments and the field assessments.
Data and Methods
In 1986 and 1987 open-grown trees of the main tree species in Switzerland that were clearly visible were selected and numbered at various locations in Switzerland. Each tree was photographed annually by a professional photographer. The position of the photographer, which was also identical to that of the field observers, remained the same each year. Photographs were taken until 1995, when this service was discontinued due to financial constraints. All the trees were annually assessed for defoliation by field observers using the standard assessment methods. Although the assessing and photographing were done in the summer months July or August: they were not necessarily done at the same time. Thus, weather and light conditions in the slides may not be identical to the actual conditions at the time of the field assessments.
